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Abstract 

Background Coffee is an important plantation crop in Indonesia. The coffee cultivation process was disrupted due 
to the fungus Hemileia vastatrix which causes rust disease. Biological control has the potential to suppress disease 
development. The diversity of antagonistic fungi such as Trichoderma in nature is very abundant, so it is necessary 
to explore and find Trichoderma which has the potential as a biological agent in controlling coffee leaf rust. The 
research aimed to obtain antagonist fungi that have the potential as biological agents in controlling coffee leaf rust 
naturally in the coffee plant ecosystem.

Result Morphology of a local antagonist fungus isolate, coded TBK1, was identified as Trichoderma atroviride which 
had the potential to naturally control coffee leaf rust by H. vastatrix through a mycoparasitic mechanism.

Conclusion In the Dieng Plateau, Banjarnegara Indonesia, an antagonistic fungus as a biological agent, T. atroviride, 
was found to control H. vastatrix coffee leaf rust.
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Background
Arabica coffee is widely cultivated in Indonesia and is 
an important commodity in supporting the Indonesian 
economy (Fithriyyah et  al. 2020). Hemileia vastatrix 
is the cause of coffee leaf rust disease. The disease can 
develop from nurseries to production plants. This will 
cause a decrease and loss of yield and interfere with plant 
metabolism in providing photosynthates through the 
destruction of leaves. Disturbance of plants due to rust 
disease is indicated by the presence of light yellow to dark 
yellow spots on the abaxial leaves, and on the adaxial it 
is indicated by a powdery mass consisting of rust fungus 

urediospores. The stain gradually enlarges and produces 
uredospore. Apical symptoms appear as chlorosis spots, 
yellowish without sporulation. Leaf rust in advanced 
infection causes the leaves to fall and the plants to be 
bare.

Coffee leaf rust disease by H. vastatrix was first 
reported in Sri Lanka in 1869. Then it spread to Indone-
sia (Java, Sumatra), Philippines, Angola, Brazil, Nicara-
gua, Panama, El Salvador, Guatemala, and Mexico (Filho 
and Domian 2019). The most vulnerable coffee species 
is Arabica coffee. Yield losses due to coffee leaf rust dis-
ease reached 25%, and disease severity was up to 45% in 
Mandailing Natal District, North Sumatra (Siska et  al. 
2018). H. vastatrix is a biotrophic organism known as 
an obligate parasite that eats living cells or can only live 
in living cells and cannot be cultured in artificial media 
(Porto et  al. 2019). Uredospores are reproductive struc-
tures of H. vastatrix (asexual reproduction) which func-
tion as a means of reproduction and infect coffee leaves. 
The structure of the uredospores is kidney-shaped, rough 
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like serrated on top, while smooth in the middle. Spore 
germination requires adequate environmental condi-
tions, such as constant rainfall, temperatures 18–24  °C, 
and a dark environment (Morales-Antonio et  al. 2021). 
H. vastatrix lasted 5.3–8.5  h to form an appressorium. 
Germination was inhibited by light and dry conditions 
(Hocking 1968).

Biological control of coffee leaf rust needs to be done 
with alternatives that support safety and are environ-
mentally friendly. Biological control has the potential to 
reduce damage caused by pathogens and is not harmful 
to the environment (Raza et al. 2021). One of the biologi-
cal control agents that can be used is Trichoderma (Muk-
hopadhyay and Kumar 2020). Trichoderma is abundant 
in nature; there are more than 100 species (Poveda 2021). 
Trichoderma has mycoparasite, competition, and antibio-
sis mechanisms (Sood et al. 2020), and produces enzymes 
and antibiotics. Trichoderma can stimulate plant devel-
opment and growth, as well as induce plant systemic 
resistance in suppressing pathogenic activity (Kumar 
et al. 2017). The fungal pathogens, namely Colletotrichum 
capsici and C. gloeosporioides, can be controlled by Bacil-
lus subtilis B298, with an antibiosis mechanism, and can 
increase plant growth (Prihatiningsih et  al. 2019a). B. 
subtilis B298 microcapsule formula can reduce disease 
intensity by 48% with an infection rate of 0.02 unit.day-1. 
Microencapsulation of B. subtilis B298 had a mechanism 
of inducing plant systemic disease resistance in chili by 
increasing total plant phenol levels (Prihatiningsih et al. 
2019b).

The purpose of this study was to obtain antagonistic 
fungi as a biological agent in controlling coffee leaf rust 
naturally.

Methods
Isolation antagonists of Hemileia vastatrix
A survey for the antagonist of the fungus H. vastatrix was 
conducted in Indonesia, focusing on the Dieng Moun-
tains, Banjarnegara district, representing the geographi-
cally indicated coffee plant center areas of the Dieng 
Plateau Area with Arabica coffee varieties. Coffee is cul-
tivated naturally and conventionally with chemical pesti-
cide control. On rust spots by H. vastatrix, antagonistic 
fungi were also found on the surface of the spots which 
grew simultaneously on the coffee philosphere. Antago-
nistic fungal cultures were obtained through direct isola-
tion of white mycelium from antagonistic fungi attached 
to the surface of rust spots by H. vastatrix (Kapeua-
Ndacnou et al. 2023). The mycelium was taken with ster-
ile adhesive, from colonized leaf rust spores and affixed to 
a glass object and then observed for its morphology with 
a microscope. After 10 days of growth on potato dextrose 

agar (PDA) medium, the antagonistic colony characters 
were recorded. Colony morphologies were compared 
based on standard terminology (Lodge et al. 2004). After 
10 days of incubation in Petri dishes, the colony diameter 
was measured.

Isolation of antagonistic fungi was carried out by taking 
the spores and then transferring them to PDA medium 
which had previously been added with streptomycin 
to suppress bacterial growth and other contamination. 
Colonies appeared after 3 days, white in color, and grew 
light green spores, and filled the Petri dish contain-
ing PDA after 10  days of culture. The culture was puri-
fied by taking the target colony and growing back on the 
PDA medium. To identify H. vastatrix uredinia coloniza-
tion, sections of coffee leaf samples were obtained at the 
beginning of the exploratory study and appeared to be 
colonized by antagonist fungi as indicated by the pres-
ence of white color on the leaf rust.

Identification
DNA Extraction and Sequences—Phylogenetic Analyses 
TBK1 isolates that colonize rust were identified molecu-
larly based on partial genetic analysis of the internal locus 
of transcribed spacer (ITS) fungal ribosomal DNA. The 
TBK1 isolate to be identified was grown on PDA media. 
Fungal DNA extraction was carried out with the Quick-
DNA Fungal/Bacterial Miniprep Kit (Zymo Research 
2021). This method is also used by (Minarni et al. 2021).

Raw data from sequencing results were then sorted 
and assembled, using the BioEdit application (http:// 
www. mbio. ncsu. edu/ BioEd it/ bioed it. html). Next was the 
sequence result included in the BLAST registered with 
the National Center for Biotechnology information on 
the website (http:// www. ncbi. nlm. nih. gov/ BLAST). This 
aim was to determine the genus or species that have simi-
larities/homology and molecularly.

Sequences—Phylogenetic analyses are carried out 
to measure DNA concentrations using the Gene spec 
tool. DNA duplication, also known as sequencing The 
TaKaRa PCR Thermal Cycler tool was used to complete 
the cycle procedure utilizing the bi-directional squeez-
ing technique. Setting was carried out at 96  °C for 10 s, 
then annealing at 50 °C for 5 s, and extension at 60 °C for 
4 min, and repetitions were carried out 25 times.

Ethanol precipitation can also be called product 
sequence purification. The DNA sample was flashed and 
transferred to a new microtube, then added 64 µl Etha-
nol 99.5% (room temperature), then vortexed and added 
16 µl H2O, then vortex again. The sample was wrapped 
in aluminum for 10  min. Samples were centrifuged at 
28  °C for 15  min at 14,000  atm. All upper layers were 
discarded, and 100  µl ethanol 70% (room temperature) 
was added. The sample was centrifuged again at 28 °C for 
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10 min at 14,000 atm. All upper layers were removed and 
dried wrapped in aluminum foil for 15 min (room tem-
perature). Samples were analyzed at Genetics Science, 
Serpong, Tangerang Banten. Mushroom isolates that had 
been subcultured were identified to the level of genus 
taxa that use the BLAST bioinformatics method and are 
available online on the website https:// blast. ncbi. nlm. nih. 
gov/ Blast. cgi.

Biocontrol mechanism isolate TBK1 (Kalibening)
The main mechanism of biocontrol TBK1 isolate (Kalibe-
ning) was mycoparasitism. These data were obtained by 
observing the spores of isolate TBK1 (Kalibening) which 
colonized H. vastatrix uredinia. Observations were made 
under a light microscope.

Results
Isolation antagonists of Hemileia vastatrix
Coffee leaf rust can reduce production and cause 
endemic under favorable environmental conditions. An 
environment with an average humidity of 40% and shady 
branches without pruning treatment is very favorable 
for rust disease so that it accelerates development. Leaf 
moisture can maintain optimum temperature and higher 
relative humidity which can support the germination of 
pathogenic spores. Under conditions of full sun exposure, 
it can reduce spore growth. Shade supports the develop-
ment of antagonistic fungi as natural enemies of H. vas-
tatrix coffee leaf rust.

Morphological and molecular identification
Morphological identification Antagonistic fungi iso-
lated TBK1 (Kalibening) from coffee leaf rust colonized 
by antagonistic fungi. Fungus purification was done by 
growing it on PDA media. From the observation of mor-
phological characteristics, the isolates found were iden-
tified as T. atroviride (Fig.  1). Complete morphological 
characters are listed in (Table 1 and Fig. 2).

Molecular identification PCR analysis using universal 
primers, namely ITS1-ITS4 primers, showed that the 
TBK1 antagonist DNA had a DNA band weighing 594 bp 
(Fig. 3), by the results of the study (Naef et al. 2005).

BLASTN search was applied to sequences from differ-
ent presumed regions, which revealed that TBK1 isolate 
belongs to the genus Trichoderma, which had 100% base 
pair similarity to ITS 1, 5.8S ribosomal RNA sequence 
belonging to T. atroviride strain 10,770. This isolate was 
isolated as an antagonist from Arabica coffee leaves. The 
isolate grew on H. vastatrix uredinia rust (Table 2).

Fig. 1 DNA banding pattern of Trichoderma TBK1 isolate as a result 
of electrophoresis, TBK1. Sample isolate of Trichoderma TBK1 M. DNA 
ladder, NTC. Nontemplate control

12

a b c

Fig. 2 In planta and in vitro effects of isolate TBK1 (Kalibening) antagonist/biocontrol on Hemileia vastatrix, a (1) leaf rust coffee isolate TBK1 
was inoculated on a (2) H. vastatrix, b coloni of isolate TBK1 on PDA after 5 days, c microscopic observation of the isolate TBK1 showing phialidesand 
conidia (Yan et al. 2019)

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
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Phylogenetic analyses
Mechanism antagonist of Trichoderma atroviride isolate 
TBK1
Pathogens can be controlled by safe methods, namely 
using microorganisms. The results of this study indi-
cated that there were antagonistic mechanisms such as 
mycoparasitism against H. vastatrix which can operate 
independently or together to suppress plant pathogens 
(Fig. 4).

Discussion
Biocontrol agents were found to be reducing the inten-
sity of Arabica coffee leaf rust under field conditions. The 
biocontrol agent TBK1 (Kalibening) was identified as T. 
atroviride based on molecular identification. T. atro-
viride was reported as a cosmopolitan species isolated 
from soil and rhizosphere (Dodd et al. 2017). Rodríguez 

et  al. (2021) reported for the first time in Kenya, West-
ern Region, Nandi District, Kakamega Protected For-
est, Isecheno, a coffee plantation area with an altitude of 
1600 m above sea level and isolated as an endophyte from 
Coffea arabica leaves.

In this research, T. atroviride isolate TBK1 was found 
in the tropical climate of Indonesia, the Dieng Plateau 
Region, Banjarnegara Regency, Indonesia, at an altitude 
of 1,049  m above sea level, an average humidity of 80% 
and a wind speed of 20  km/hour (https:// banja rnega 
rakab. bps. go. id/). Colonies of T. atroviride isolate TBK1 
were isolated from the phyllosphere of coffee leaves 
which were colonized by H. vastatrix, and appeared 
white above the uredospores colonies of H. vastatrix 
which were orange in color on coffee leaves. T. atroviride 
strain 10,770 was previously discovered by Van der Linde, 

Table 1 Morphological characteristics of antagonistic fungi TBK1 (Kalibening) Isolate

Isolate Color and shape of the colony Conidial form Conidial color Genus References

TBK1 White, conidia were more 
or less restricted to concentric 
rings. Shape codia ellipsoidal

Oval, attached to shoots 
and body conidiophores 
(branches), after the hyphae 
cross, conidial growth in groups

Hyaline Trichoderma (Fig. 1) Yan et al. (2019); Kim et al. (2016)

Fig. 3 Phylogenetic tree of Trichoderma atroviride isolate TBK1 based on ITS sequence. New isolates are marked in yellow. The number 
on the branch indicates 84% bootstrap compatibility, and the scale bar indicates nucleotide substitution per site

Table 2 Results of a fungal taxon that generates BLAST ITS1 DNA homology in NCBI (https:// www. ncbi. nlm. nih. gov/)

Isolate Type No accession/host DNA size (bp) Query coverage (%) E value Per. Ident (%) Total score

TBK1/host/size Hemileia 
vastatrix/594 bp

Trichoderma atriviride 
strain 10,770

KX379179.1 599BP 100% 0 100 1098

https://banjarnegarakab.bps.go.id/
https://banjarnegarakab.bps.go.id/
https://www.ncbi.nlm.nih.gov/
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E.J., in 2016 on the host Agaricus bisporus and uploaded 
to the NCBI gene bank (https:// www. ncbi. nlm. nih. gov/ 
nucco re/ KX379 179.1).

Trichoderma atroviride can also parasitize pathogens 
in fruit and endophytic tissues (Rodríguez et al. 2021). In 
addition to functioning as a biocontrol agent for H. vasta-
trix, T. atroviride was reported to suppress the growth of 
the pathogen Fusarium graminearum (Naef et al. 2005), a 
biocontrol agent for the green mold of Ganoderma (Yan 
et  al. 2019), and a biocontrol agent for Rhizoctonia and 
Pythium (Brunner et al. 2005).

Trichoderma atroviride TBK1 isolate was grown in 
a PDA medium and incubated at 30  °C. The results of 
observing the morphological characteristics of TBK1 iso-
lates showed color and shape colony, conidiophore shape, 
and conidian shape (Fig.  2b and c; Table  1). The results 
of observations of T. atroviride isolate TBK1 colonies 
formed concentric spores, dark green in color in each 
circle. Isolated colonies grew uniformly on the surface of 
the medium and conidia formed at the ends of the Petri 
dishes. It is characterized by a slightly yellowish dark 
green color and white mycelium (Fig. 2b). Conidiophores 
were unilateral and paired. The shape of the phialids 
was straight or winding, cylindrical, and at the ends of 
the phialids narrow, the conidia are oval (Kalimutu et al. 
2020).

DNA bands measuring 594 bp were successfully ampli-
fied from TBK1 and ITS4 isolates. This is in line with 
the research results of (Hermosa et  al. 2000). Another 
study obtained amplified DNA fragment sizes of 600 bp 
(Matas-Baca et  al. 2022). The band sequence was then 
used for DNA sequencing analysis. The results of DNA 
sequencing revealed that the TBK1 isolate sequence had 
100% base pair similarity with the ITS 1, 5.8S ribosomal 
RNA sequence belonging to T. atroviride strain 10,770. 

From the results of the analysis above, it could be con-
cluded with a high percentage of similarity with a bit 
score above 700 and an e-value of 0. The bit score was 
a measure used for juxtaposition. E-value was an esti-
mated value that provides a statistically significant meas-
ure of the two sequences. The highest e-value indicated 
the lowest homology level, and for the lowest e-value 0 
(zero), the sequence was identical. The two isolates simi-
larity is indicated by their greatest bit score (Claverie and 
Notredame 2007).

The results of ITS DNA sequence analysis based on 
the database in the BLASTN program showed that 
TBK1 isolate had the closest kinship with T. doro-
theae NR_166014.1 with a bootstrap value of 88%; then, 
TBK1 isolate had identical similarities with T. atroviride 
KX379179.1 and T. arenarium MT217123.1 with a boot-
strap value of 87%. The phylogenetic analysis from this 
research supports the data regarding the morphological 
characteristics that allow the identification of T. atrovir-
ide isolates. Using ITS sequences and phylogenetic analy-
sis can be used to identify new species of Trichoderma 
that exists in agricultural agroecosystems (Asis et  al. 
2021) and coffee plant agroecosystem (Khairillah et  al. 
2021).

Biological disease control has been widely developed. 
Biological control is a plant symbiont with a pathogenic 
community that maintains plants and controls pathogen 
populations in various environmental conditions. Tricho-
derma spp. have been widely used as biocontrol agents 
for biological control of plant pathogens. The main strat-
egy in biological control is that Trichoderma can fight 
pathogens with mycoparasitism (Karuppiah et al. 2019).

Mycoparasitism is one of the main mechanisms of 
inhibiting the growth of mycelium of fungal pathogens, 
providing nutrition for mycoparasites when they attack 

Mechanism antagonist of Trichoderma atroviride Isolate TBK1.

a b c
Fig. 4 Mycoparasitism by Trichoderma atroviride isolate TBK1; a pure Hemileia vastatrix uredospore; bc T. atroviride TBK1 parasitizes Hemileia vastatrix 

https://www.ncbi.nlm.nih.gov/nuccore/KX379179.1
https://www.ncbi.nlm.nih.gov/nuccore/KX379179.1
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pathogens. This mechanism can cause cell wall damage 
in the H. vastatrix uredospore. This is because T. atrovir-
ide isolates TBK1 and binds to the pathogen H. vastatrix 
through the production of cell wall damaging enzymes 
such as 1,3-glucanase, chitinase, protease, and cellulase 
(Guzm et al. 2023). Secondary metabolite 6-pentyl-2-py-
rone  has T. atroviride strain AT10 (Alvarez et al. 2022). 
Before physical contact in the mycoparasite interaction 
between Trichoderma and fungal pathogens, diffusion 
factors are released from the host to induce hydrolytic 
enzymes. During direct contact, host cell wall lectins can 
induce Trichoderma around the host, thereby encourag-
ing the formation of hyphae and appresorium to destroy 
pathogens (Zeilinger and Omann 2007).

Trichoderma atroviride isolates TBK1 showed myco-
parasitic activity in the presence of mycelial invasion 
of H. vastatrix when isolated from pure coffee leaf cul-
tures. Microscopic observations made at the contact 
area between T. atroviride isolate TBK1 and H. vastatrix 
showed a change in the shape of the cell wall of the H. 
vastatrix uredospore characterized by lysis of the cell 
wall which appeared thin and transparent different from 
pure uredospores. At an advanced stage, the mycelium 
of T. atroviride isolate TBK1 covered all parts of the ure-
dospores causing damage and unable to germinate. The 
interaction of Trichoderma with the pathogens Rhizocto-
nia and Phytium showed that Trichoderma grows paral-
lel to the pathogen and develops around the pathogen. 
Degradation of the pathogen will occur after Tricho-
derma penetrates with appressorium (Benhamou and 
Chet 1993). Application of Trichoderma can reduce the 
percentage of disease occurrence, the severity of disease 
caused by the H. vastatrix pathogen (Mamani-Huayhua 
et al. 2021).

Conclusion
The results of molecular identification of the antagonistic 
fungus from coffee leaf rust as Trichoderma atroviride. 
The control mechanism is mycoparasite which can grow 
on H. vastatrix urediospores, causing malformations in 
the form of changes in the cell wall and inhibiting uredio-
spores germination. The obtained T. atroviride had pros-
pects for development as a biological agent against coffee 
leaf rust.
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